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ABSTRACT 
Geology and Petroleum Potential of the 
Hay Creek Anticline, North-Central Oregon 
by 
Stephen I. Wareham 
For many years it has been reported that the core of the Hay Creek 
Anticline exposes metamorphic rocks of Paleozoic or Mesozoic age. On 
closer study it was found that these rocks consist of only slightly 
metamorphosed black to dark grey siltstones and sandstones with less 
abundant chert pebble conglomerate and recrystallized limestone. The 
sequence is here informally named "Hay Creek Formation." Calcareous 
nannofossils recovered and identified from the limestone yielded an age 
of early to middle Eocene. 
The depositional environment of the "Hay Creek Formation" is 
interpreted to be a submarine turbidite fan. Siltstones were deposited 
as pelagic rain and turbidite fall out. Sandstones were deposited in 
turbidite flows as evidenced by flute casts. The Hay Creek Anticline 
formed as a result of multiple compressional forces, with periods of 
deposition and erosion between orogenic events. 
The petroleum potential of the "Hay Creek Formation" is good. The 
total organic carb-on in the siltstones, the kerogens and the maturity 
indicators suggest that oil and/or gas has been produced from these 
rocks. Shallow exploration drilling in the area has revealed that 
petroleum is present. 
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This thesis describes the geology and petroleum potential of the 
Hay Creek Anticline located in north-central Oregon, eastern Jefferson 
County, about 17 kilometers (km) east of Madras and 200 km southeast of 
Portland (Figure 1). For many years there has existed confusion and 
basic misunderstanding concerning the age and nature of the rocks 
exposed at the core of this breached structure. From previous descrip-
tions in the literature, the anticline was believed by most geologists 
to be composed of Mesozoic or Paleozoic metasedimentary rocks consist-
ing of slates and phyllites (Peck, 1964). Kleinhans and others (1984) 
and Sidle and Richers (1985) have recently visited the Hay Creek 
Anticline and noted that the rocks were sedimentary and not metamorphic 
rocks. It was the purpose of this thesis research to resolve this 
conflict by describing the stratigraphic setting and age of these rocks 
and by mapping in detail the structure of the Hay Creek Anticline. In 
addition to the age determination the secondary objective was to make a 
preliminary assessment of the petroleum potential of the area. 
Definition of the Hay Creek Anticline 
The extent of the Hay Creek Anticline, as I am defining it, is 
much smaller than that originally proposed by Hodge (1942). As Hodge 
defined it, the Hay Creek Anticline extended from approximately 25 km 
southwest of the Hay Creek Ranch to beyond the town of Fossil to the 
northeast, a distance of about 160 km (Taylor, 1960). 
1 
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Figure 1 . Index map of Oregon showing the approximate location 
of the research area. 
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By combining several other structures in the area with the 
"Mesozoic area" cropping out on the Hay Creek Ranch, Hodge defined the 
larger structure as "the Hay Creek uplift -- an uplift that continues 
eastward to the Blue Mountains". Thus, Hodge's original "Hay Creek 
Anticline" or "Hay Creek uplift" included the whole southwestern end of 
what is now generally known as the Blue Mountains Anticlinorium and 
included several individual anticlines. To reduce the confusion in 
terminology, I propose that use of the term Hay Creek Anticline be 
restricted to describe the single anticlinal structure exposed on the 
Hay Creek Ranch in T. 11 and 12 S., R. 15 and 16 E. This structure was 
mapped and described for my thesis research. 
Topographic Expression and Recent History 
Like most of the region east of the Cascade Mountains, the Hay 
Creek Anticline is part of the high desert. Vegetation of the area is 
dominantly juniper and sage. In the 91 square km map area the topogra-
phic high, 1664 meters (m), is near Sheep Rock in the southeast corner 
of the map area and the lowest point, 942 m, is at Brewer Reservoir in 
the west-central portion of the map. 
Most of the map area is included in the Hay Creek Ranch which was 
once known world wide for its Merino and Rambouillet sheep. Buyers 
from as far away as Russia came to purchase the famous rams bred here. 
At one time the ranch sold "500,000 pounds of wool each year; some 
50,000 sheep grazed over a thousand hills and valleys; and seasonally, 
2,500 tons of alfalfa were produced on the ranch" (Brogan, 1977). 
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Previous Work 
Hodge (1931) was apparently the first geologist to notice the Hay 
Creek structure and give it any attention. However, he chose not to 
name the formations present because their ages could not be determin-
ed. In a later paper, Hodge (1942) described the anticline as "a hill 
of folded and crushed rock, the top of which has been exposed 
The rock, their degree of folding and mineralization, resemble nearby 
Triassic formations." Which Triassic formations he meant is not 
exactly clear but he mapped the rocks only as "pre-Tertiary." 
In a 1960 unpublished masters thesis, Taylor described the Hay 
Creek strata as pre-Cretaceous in age. He felt that if there had been 
any Cretaceous rocks on the Hay Creek Anticline, they had been stripped 
away during post-Cretaceous, pre-Clarno time. 
In 1964, Dallas Peck made a reconnaissance study of the Hay Creek 
vicinity, took a few strikes and dips, and described some outcrops. He 
called the rocks at the core of the structure slates with lesser 
amounts of greywackes. Although all of the attitudes on Peck's map 
showed dips toward the southeast, he still mapped the structure as an 
anticline. He reported finding some "clamlike" fossils, which unfortu-
nately could not be identified. Peck also mapped the rocks as pre-
Tertiary. 
Later mapping of the Hay Creek Anticline included Swanson and 
Robinson (1968) who mapped the Hay Creek structure as undifferentiated 
sedimentary and metasedimentary rocks of pre-Tertiary age. In 1969, 
Swanson again mapped the area, this time labeling the Hay Creek rocks 
as Mesozoic-Paleozoic sedimentary rocks "chiefly slate . . • lithologi-
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cally similar to most of Ks." His Ks symbolized Cretaceous sedimentary 
rocks of the Hudspeth and Gable Creek Formations, which do not include 
slate. In 1975, Robinson mapped the Hay Creek rocks as pre-Tertiary 
phyllite, slate, and greywacke "correlative with Ks" which he identifi-
ed as unmetamorphosed conglomerate, sandstone, and shale. In his 
geologic map of eastern Oregon, George Walker in 1977 called the rocks 
of the Hay Creek Anticline Triassic-Permian "sedimentary rocks, partly 
metamorphosed" after Swanson (1969). 
In 1984, Kleinhans and others, citing some of the authors above, 
called the Hay Creek rocks Cretaceous, considering them to be part of 
an early ("pre-Mitchell") submarine fan complex. No evidence was cited 
for the Cretaceous age. 
Sidle and Richers (1985) collected samples from the Hay Creek 
Anticline as part of their source rock study of Cretaceous rocks in 
north-central Oregon, implying that the core rocks were Cretaceous in 
age. However, they did not do any actual age determination (Sidle, 
1986, personal communication to L. H. Fisk). 
Fritts and Fisk (1985b) in their article on the Columbia Basin 
described the Hay Creek rocks as " ••• sedimentary rocks of apparent 
Vester lithology." The Vester Formation is a dark grey to black 
siltstone of late Triassic age which crops out in east-central Oregon, 
s outh of the town of John Day (Dickinson and Vigrass, 1964; Dickinson 
and Thayer, 1978). 
The rocks that are most of ten compared with those on the Hay Creek 
Ranch are exposed on the Mitchell Anticline. Two Cretaceous formations 
are present there: the Hudspeth, consisting primarily of marine mud-
6 
stone, and the Gable Creek, a conglomerate and sandstone unit inter-
preted as fluvial-deltaic by Wilkinson and Oles (1968), Oles and Enlows 
(1971), and Oles (1973) but more recently regarded as a submarine fan 
complex by Kleinhans and others (1984), Fritts and Fisk (1985b), 
Sandefur (1986), and Fisk (1986). Fisk has suggested renaming the 
Mitchell Cretaceous rocks the "Mitchell Formation" after Swarbrick 
(1953) in recognition of the revision in the depositional environment 
and interpretation of the previous formations as equivalent to f acies 
of a submarine fan. 
MATERIALS AND METHODS 
Field Techniques 
Field mapping of the Hay Creek Anticline was done during the 
summers of 1984 and 1985. Contacts were drawn on a 1:24,000 base map 
consisting of the western half of the Foley Butte 7 1/2' quadrangle and 
the eastern half of the Brewer Reservoir 7 1/2' quadrangle. Aerial 
photos taken by the U.S. Department of Agriculture were also used. 
Strikes and dips were measured using a Brunton compass. Approximately 
140 samples of siltstone, sandstone, and limestone were collected 
during the two field seasons. 
Laboratory Techniques 
The sandstone, limestone, and siltstone samples were thin-section-
ed and described using the thin-section description outlined in Blatt 
(1984). Composition of the sandstones were determined by making 
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approximately 100 point counts per slide. These data were plotted on 
QLF diagrams to determine maturity and on QmLtF diagrams to determine 
provenance (Dickinson and Suczek, 1979; Dickinson and others, 1979). 
Conoco and Phillips Petroleum processed siltstone samples to 
determine source rock potential. In addition, source rock analyses of 
siltstone samples collected from the Hay Creek Anticline by Steve 
Fritts of Barrick Exploration and results published by Sidle and 
Richers (1985) have been included in this study. All samples were 
subjected to whole-rock Rock-Eval pyrolysis or equivalent testing. 
Several siltstone samples were processed to determine if any 
age-diagnostic palynomorphs could be isolated and identified but 
unfortunately no identifiable pollen or spores were recovered from the 
samples. Additional siltstone samples and a limestone sample were 
submitted to Phillips Petroleum for microfossil identification. To 
verify the results received from Phillips additional limestone samples 
were submitted to two commercial laboratories, Micro-Strat, Inc, and 
Micropaleo Consultants, Inc. 
A reservoir rock analysis of a single sandstone sample was done by 
Reservoirs, Inc. using thin sections and scanning electron microscopy. 
Porosity, permeability, and grain density data were collected and 
appear later in this report. 
STRATIGRAPHY 
The stratigraphic sequence found in the vicinity of the Hay Creek 
Anticline includes, from oldest to youngest, the informally named "Hay 
Creek Formation", the Clarno Formation, the John Day Formation, and the 
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Columbia River Basalt Group (Figure 2). Quaternary gravels and sands 
are also present in local stream valleys. 
"Hay Creek Formation" 
The oldest rocks exposed in the map area consist of dark grey to 
black siltstones, sandstones, and limestones covering an area of 
approximately 18 square kilometers at the center of the Hay Creek 
Anticline (Figure 3). Because no similar strata exist anywhere in the 
vicinity, the informal name "Hay Creek Formation" will be used to refer 
to this lithostratigraphic unit. The upper boundary of this unit is an 
angular unconformity with the overlying Clarno Formation. The Clarno, 
composed mainly of volcanic lithotypes, is easily distinguishable from 
the dark grey siltstones and sandstones of the "Hay Creek Formation". 
The lower boundary of the "Hay Creek Formation" is not exposed. 
Topographic Expression: The "Hay Creek Formation" erodes to form 
a topography of rolling hills. A typical outcrop is covered with a 
thin veneer of soil with small fragments of the siltstone appearing as 
float in the soil. Scraping away the soil with a hammer uncovers the 
underlying siltstone. 
Type Section: A stratigraphic section of typical "Hay Creek 
Formation" rocks was measured along a road cut (Figure 4) in section 
25, T. 11 S., R. 15 E., in the middle of the anticline. The measured 
section (Figure 5) is composed of two lithologic units. The upper 196 
meters consist of thickly-bedded, dark-grey siltstone, the dominant 
lithology exposed in the core of the anticline. The lower 114 meters 
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Layered basalts with tuf faceous 
interbeds 
Varicolered lacustrine tuffs, 
sandstones, ignimbrites and 
breccias 
~~~":;"9~."6.~~--~+-~~~~~~~~~~~~4-~~~~~~~~~~~~~~~~~~~~~~~~~ 
.e·:a· . .- .9· . .- .• ·.e· • .e·: . · .-. 



















Varicolored tuffs, mudflows, 
andesite flows and occasional 
breccias; some andesitic 
intrusions 
Black to dark grey siltstones, 
some sandstone interbeds with 
occasional conglomerates 
Assumed igneous and/or metamorphic 
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Figure 3 . Generalized geologic map of t he Hay Creek An t icline , 
north-central Oregon . -... 
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section exhibits evidence of intense shearing (Figure 6). The lower 
16.5 meters of the measured section consist of interbedded siltstones 
and sandstones. Individual beds vary from approximately 5-10 centi-
meters (cm) in thickness. 
Lithology: Typical siltstones of the "Hay Creek Formation" are 
black to dark-grey, highly silicic, fine-grained rock which weathers to 
an orange-brown color in places. Macrofossils and sedimentary struc-
tures are usually absent. When present, bedding ranges from one to 
five centimeters. The siltstones exhibit classical pencil-cleavage 
(Glossary of Geology, 1972) with individual fragments ranging from 0.5 
to 1.0 cm in width and 1 to 20 cm in length (Figure 7). Good exposures 
of "Hay Creek Formation" siltstones are found only along steep slopes 
bordering major stream valleys such as in the SW corner of sec. 2, 
T. 12 S., R. 15 E., and in the NW corner of sec. 1, T. 12 S., R. 15 E. 
Sandstones are rarely seen in outcrops. When present, they 
consist of thin, discontinuous beds ranging from 5 to 60 cm in thick-
ness. They are grey to grey-green when fresh and weather to an 
orange-brown hue. Grains are medium to very fine and poorly sorted. 
Rip-up clasts of shale are sometimes present in the lower one to two 
centimeters. In one section of sandstone, flute casts were found and 
measured for paleocurrent analysis (Figure 8). Kleinhans and others 
(1984) have also previously noted these features. 
Eleven Hay Creek sandstones were examined, and the mineral 
percentages (Table 1) were plotted on QLF and QmLtF to determine 
maturity and provenance, respectively. The QLF plot (Figure 9) 
indicates that the sands are from a magmatic arc, implying an immature 
14 
Figure 6. Shearing features in "Hay Creek Formation" siltstone. 
Figure 7. Pencil cleavage in siltstone of the "Hay Creek 
Formation" in the stratigraphic type section. 
15 




Table 1. Mineral composition of sandstones from the "Hay Creek 
Formation". 
Constituents HC-1 HC-2 HC-3 HC-4 HC-5 HC-6 HC-7 HC-8 HC-9 
Monocrysta 11 i ne 
Quartz (Qm) 36% 36% 8% 36% 35% 27% 34% 22% 19% 
Po lycrysta 11 i ne 
Quartz ( Qp) 0% 0% 26% 0% 0% 0% 0% 9% 2% 
Chert grains ( Qp) 10% 10% 15% 12% 4% 9% 9% 11 % 15% 
P lagioclase grains 
(P) 32% 24% 10% 6% 12% 26% 28% 33% 5% 
K-feldspar grains 
(K) 10% 17% 3% 4% 17% 17% 15% 8% 21% 
L ithic rock 
fragments ( L) 8% 11 % 37% 42% 30% 16% 13% 11 % 35% 





Figure 9 . QLF diagram of "Hay Creek Formation" sandstones 




to submature source (Dickinson and Suczek, 1979). From this evidence 
the source area is interpreted to be relatively close to the basin of 
deposition. The QmLtF diagram (Figure 10) suggests a volcanic-plutonic 
source for the sandstones (Dickinson and others, 1979). Volcanism has 
played a major role in the geologic history of north-central Oregon 
since earliest Mesozoic time, so sources for the sandstone are numerous 
(Dickinson, 1979). 
A matrix-supported, cherty granular conglomerate is found in NE, 
NW, sec. 30, T. 11 S. R. 16 E. of the research area (Figure 11). The 
layer is thinly bedded and is not continuous. The clasts are black; 
the clast size ranges from granular to very coarse sand on the Went-
worth scale. The matrix is a medium to fine sand. Similar conglomer-
ates occur infrequently within the core of the Hay Creek Anticline. 
A single bed of limestone was found on the south-facing slope in 
the southwest corner of section 25, T. 11 S., R. 15 E. (Figure 12) from 
directions given by John Young of Sun Exploration (personal communica-
tion to Lanny H. Fisk, 1985). The limestone is medium to dark grey in 
color and has undergone thorough recrystallization. From a fresh 
surface the limestone gives off a strong fetid or petroliferous odor. 
Paleontology: The "Hay Creek Formation" limestone contains 
abundant fossil ghosts (Figure 13). However, it was not possible to 
determine what organisms originally were present because recrystalliza-
tion has destroyed all but the most basic outlines of the fossils. 







Figure 10 . QrnLtF diagram of "Hay Creek Formation" sandstones 
(fields after Dickinson and others, 1979) . 
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Figure 11. Cherty conglomerate of the "Hay Creek Formation" . 
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Figure 12 . Limestone outcrop of the " Hay Creek Formation" . 





Age and Correlation: A sample of limestone was submitted to 
Phillips Petroleum for microfossil age determination. No foraminif era 
were present but a mixed assemblage of calcareous nannoplankton were 
recovered (Dennis Logan, personal communication, 1986). According to 
Logan, the assemblage contains a mixture of late Cretaceous 
(Maestrichtian) and early to middle Eocene (Ypresian) coccoliths. A 
total of 27 species were identified (Table 2). Diagnostic Eocene 
nannoplankton include Tribrachiatus contortus, Tribrachiatus ortho-
stylus, and Chiasmolithus species (Perch-Nielson, 1985a). Ceratolith-
oides kamptneri is diagnostic of a Maestrichtian age (Perch-Nielson, 
1985b). 
To explain the mixed nannoplankton assemblage, Logan suggested the 
possibility of stratigraphic leakage, noting that "stratigraphic 
leakage, although relatively rare, occurs most commonly in limestone 
(Funkhouser, 1969)". Alternatively, Logan suggested that the Creta-
ceous forms may have been recycled. Since all the rocks overlying the 
"Hay Creek Formation" are terrestrial volcanics and volcaniclastics, my 
interpretation is that the rocks at the core of the Hay Creek Anticline 
are early to middle Eocene in age and that the Cretaceous coccoliths 
have been recycled from older, Maestrichtian-age sediments. An alter-
nate interpretation is that the "Hay Creek Formation" is Cretaceous and 
the Eocene marine deposits were eroded away after stratigraphic leakage 
occurred. However, as no Eocene marine sediments have ever been 
reported east of the Cascades, this source of Eocene coccoliths is 
unlikely. On the other hand, Cretaceous rocks containing coccoliths 
have recently been reported nearby in the subsurface of the Ochoco 
Table 2. Systematic list of calcareous nannofossils from the 
"Hay Creek Formation". [Identified by Bob Young, 
Phillips Petroleum Company]. 
Arkhonge 1skie11 o cymbi f ormi s 
BraarudosQhaera bi ge 1 owi i 
Broorudosghoero discula 
Ca 1 ci SP.haerul idea 
Cera to 1 i tho1 des kamQtneri 
Chiasmollthus sQecies 
F asc1 cul i thus SQ.It 
He 1 i coQontosQhoero 1 OQhota 
Heliolithus SP..lt 
LoQhodo 1 i thus SP..lt 
Nannotetri na cri status 
RhabdosQaera SP..lt 
Rhabdosgaera morion um 
Rhabdosgaera inflata 




SQheno 1 i thus obtusus 
~P.heno 1 i thus f urcatul i thoi des 
Thoracosgheere sgeci es 
Triguetrorhabdulus inversus 
Tribrachiatus contortus 
Tribrachiatus . orthostylus 
Zygolithus dubius 
Zygo 1 i thus bi j_ygatus 
26 
27 
Basin in Crook County (Thompson and others, 1984). Thus, in my opinion 
the most likely interpretation of the mixed coccolith assemblage is 
recycling of Cretaceous nannoplankton into Eocene marine sediments. 
Providing the age of early to middle Eocene based on calcareous 
nannofossils is correct, deposition of the "Hay Creek Formation" ended 
by middle Eocene time. Thus, the "Hay Creek Formation" may be the 
off-shore equivalent of the "Herren Formation", a Paleocene to middle 
Eocene deltaic sequence found to the east in Morrow and Umatilla 
counties (Pigg, 1961; Hogenson, 1964; Trauba, 1975; Shorey, 1976; Fisk, 
1986) . 
Rocks similar to those found at the core of the Hay Creek Anti-
cline have not been found elsewhere in north-central Oregon. The 
closest lithologically similar unit to the "Hay Creek Formation" is the 
so-called "Muddy Ranch phyllite" (Taylor, 1960), approximately 20 km to 
the northeast of the Hay Creek Anticline. The total outcrop area of 
the Muddy Ranch (Rajneeshpuram) outcrops is approximately 15 square 
kilometers. This outcrop has received only limited attention (see 
Taylor 1960)). Because little work has been done to describe the litho-
logy, age, and geologic history of these rocks, correlation with the 
Hay Creek rocks is at best tenuous. 
Depositional Environment: Using the Mutti and Ricchi Lucchi 
(1972) turbidite classification system, sandstones of the "Hay Creek 
Formation" appear to have been deposited in a turbidite fan D facies 
association. Rip-up clasts, bed thicknesses of 5 to 25 cm, and 
well-developed sole marks argue for the D facies interpretation. 
Because the conglomerate is "fine-grained", it also represents a D 
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facies association. The Hay Creek siltstones are interpreted as facies 
G because the massive siltstone deposits are poorly bedded and are 
associated with facies D type sandstones and conglomerates. Facies G 
sediments were probably deposited as pelagic rain (Howell and Normark, 
1982). 
In summary, the sedimentary rocks at the core of the Hay Creek 
Anticline are interpreted to have been deposited by pelagic rain and 
turbidity currents on a shallow marine shelf as part of a submarine fan 
complex. Paleocurrent data indicate a southwest direction of transport 
(Figure 15). 
(1984). 
These data are in agreement with Kleinhans and others 
Clarno Formation 
Unconf ormably overlying the Early to Middle Eocene "Hay Creek 
Formation" is the Late Eocene to Oligocene Clarno Formation, consisting 
of an assemblage of calc-alkaline volcanic and volcaniclastic rocks. 
The Clarno "includes mafic flows, coarse unsorted breccias, mudflows, 
tuffaceous terrestrial sediments, and scattered silicic domes. The 
volcanic rocks are primarily andesitic, but range in composition from 
basalts through dacites" (Beaulieu, 1972). Petrographic descriptions 
of Clarno lithologies can be found in Calkins (1902), Taylor (1960), 
Hay (1962, 1963), Oles and Enlows (1971), and Noblett (1979, 1981). 
Within the Hay Creek Anticline rocks of the Clarno Formation are easily 
dist i nguished in outcrop by their oxidized pale yellow to red color. 
A basal mudf low conglomerate containing "Hay Creek Formation" siltstone 





Figure 15. Rose diagram of nine paleocurrent measurements from 
"Hay Creek Anticline sandstones. 
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On the east side of the map area (SE corner Sec. 6, T. 12 S. R. 16 
E.) an abandoned coal mine was found in the Clarno Formation (Figure 
16). Although uncommon, similar occurrences have been reported else-
where (Collier, 1914; Fisk, 1986). 
Clarno-John Day Contact 
The contact between the Clarno Formation and the overlying John 
Day Formation has for many years posed a problem to geologist mapping 
in north-central Oregon because of the lithologic similarity between 
the lower John Day and the upper part of the Clarno. The distinction 
between the two formations also posed a problem in my map area. The 
contact was arbitrarily drawn at the contact between red-colored tuff s 
of the John Day Formation and buff to light yellow tuf f s of the Clarno 
Formation, or where present, at an angular unconformity at the bottom 
of a porphrytic welded tuff after Swanson and Robinson (1968; see also 
Waters and others, 1951; Taylor, 1960; Oles and Enlows, 1971; Noblett, 
1979 and 1981; and Fisk, 1986). 
John Day Formation 
In the map area the Early Oligocene to Early Miocene John Day 
Formation consists of variable colored tuffs. In the type area, the 
John Day has been divided into four members by Fisher and Rensberger 
(1972), based predominately on color. The lower red unit, named the 
Big Basin Member, is apparently the only portion of the John Day 
Formation found in the immediate vicinity of the Hay Creek Anticline. 
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Figure 16. Abandoned coal mine in the Clarno Formation located 
along logging road, east edge of Hay Creek Anticline. 
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Columbia River Basalt Group 
The Columbia River Basalt Group consists of a series of Miocene 
age basalt flows which are found throughout most of the Columbia 
Basin. The largest exposure within the Hay Creek Anticline is a promi-
nent ridge-forming unit located along the western edge of the map 
area. (See Appendix 1). This ridge is interpreted to be a dike that 
forced its way to the surface along a plane of weakness, probably a 
bedding plane in steeply-dipping John Day volcaniclastics. Numerous 
other small dikes of basalt are found throughout the core of the anti-
cline. Most, however, are not large enough to map. 
To distinguish these basalts from the similar basalts found 
elsewhere in the Clarno Formation, a sample from the west ridge was 
sent to Krueger Enterprises, Inc. for a potassium-argon age determina-
tion. This sample yielded an age of 14.9 +/- 0.8 million years (Table 
3) confirming that the dike is of Columbia River Basalt age. 
STRUCTURE 
The Hay Creek structure is an asymmetrical, doubly plunging 
anticline that is interpreted to be formed by drape over a tilted fault 
block (Figure 17). A northwest dipping listric normal fault, original-
ly formed during a rifting event in early Cretaceous time (Fritts and 
Fisk, 1985a), is thought to have been reactivated after deposition of 
the "Hay Creek Formation" sediments. Subsequent movement on this fault 
has resulted in rejuvenated uplift and consequent erosion during 
Clarno, John Day, and later time. Volcanic leakage along the fault 
Table 3. Potassium-argon data for basalt from the Hay Creek 
Anticline. [Analysis by Krueger Enterprises, Inc.] 
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Figure 17. NW to 
[after 
SE cross-section 
Fritts and Fisk 
of the Hay 
( 1985b)] . 
Creek Ant icline , 
35 
probably also resulted in the emplacement of the Columbia River Basalt 
dike. 
GEOLOGIC HISTORY 
The geologic history presented here is very general and does not 
represent the only interpretation possible. The sedimentary rocks in 
the core of the Hay Creek Anticline were deposited on an off-shore 
shelf during early to middle Eocene time, based on calcareous nanno-
fossils. Occasional storms or other catastrophic event caused coarser 
material to be deposited in the form of sand turbidites. In between 
these storms, fine particles of silt and clay were deposited by pelagic 
rain and turbidity current fallout. The limestone was probably a 
bioclastic limestone originally formed by organic shells and coccoliths 
and was transported off a shallow water shelf onto the deeper water 
fan. 
The Hay Creek rock sequence was folded and uplifted slightly 
during middle to late Eocene time prior to Clarno Formation deposi-
tion. Throughout the core of the Hay Creek Anticline are very locali-
zed zones of metamorphism indicating some thermal activity after the 
rocks were deposited. This thermal episode is not recorded in the 
overlying Clarno Formation. Therefore it is interpreted to have hap-
pened during the initial uplift and deformation of the "Hay Creek 
Formation". 
After some slight erosion of the Hay Creek rocks, lower Clarno 
volcaniclastic sediments were deposited over the positive Hay Creek 
structure, some as water-laid volcaniclastics, others as subaerial 
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volcaniclastics. The lower Clarno and "Hay Creek Formation" rocks were 
then folded and eroded slightly before the upper Clarno units were 
deposited, burying the "Hay Creek Formation" under several hundred 
meters of volcanics and volcaniclastics (Waters and others, 1951). 
This sequence of rock, in turn, was folded and the Clarno was eroded 
slightly prior to John Day deposition in Oligocene time. 
Almost immediately after the Clarno erosion there was wide spread 
volcanic eruptions in the ancestral Cascade volcanic arc resulting in 
subaerial deposition of the John Day Formation. In the middle Miocene, 
soon after the final John Day tuffs were deposited, Columbia River 
Basalt dikes intruded the Hay Creek structure possibly associated with 
additional uplift of the anticline. 
During the Pliocene, the Blue Mountains Anticlinorium was formed 
(Fisher, 1967) resulting in further uplift of the Hay Creek Anticline. 
From that time on, the Hay Creek Anticline has been subjected to few 
tectonic forces, if any. The dominant geologic process during Pleisto-
c ene and Recent times has been erosion which has removed most of the 
John Day and Clarno Formations from the axis of the anticline and has 
exposed the core of "Hay Creek Formation" siltstone and sandstone. 





When evaluating a new area for petroleum potential, five criteria 
need to be examined before any considerations are made as to possible 
exploration moves. These criteria are: 1) a thick accumulation of 
sedimentary rocks within a basin, 2) organic-rich source rocks, 3) 
evidence of heating of the source rocks to generate petroleum, 4) some 
porous and permeable rocks to serve as reservoirs for the petroleum, 
and finally 5) traps to accumulate the petroleum and keep it from 
migrating elsewhere. In addition to these criteria, past exploration 
drilling activity can shed light on the potential of an area. 
Although the measured stratigraphic section of the "Hay Creek 
Formation" is less then 200 meters, it represents only a fract i on of 
total thickness of the siltstones. Interpretation of gravity data 
(Figure 18) shows that there might be in excess of 1,500 meters of 
sediments in the Hay Creek area (Fritts and Fisk, 1985b). At normal 
geothermal gradients this thickness of sediments is insufficient to 
produce petroleum. However, it is possible to generate petroleum from 
a thinner sequence of source rock if the regional geothermal gradient 
is higher then normal, or if another means, such as magmatic intru-
sions, heat the rock to the necessary petroleum generating tempera-











Figure 18 . Gravity anomaly map of Hay Creek Area, with cross-
section line for figure 17 [after Fritts and Fisk 
(1985b)] . 
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Source Rock Analyses 
In Table 4 are the results of source rock studies done on samples 
from the Hay Creek Anticline. Three components (quantity, type, and 
maturity) of organic matter in the rock are examined when a source rock 
analysis is done (Waples, 1985). Forty-six of the 49 samples tested 
were siltstones. Samples 31 and 38 were limestone; sample 49 is a coal 
from the Clarno Formation. Because the coal returned significantly 
different results in some measurements, the test results of the Clarno 
coal will be treated separately from the "Hay Creek Formation" samples. 
Rock-Eval pyrolysis is the most comprehensive way to examine and 
evaluate the three components listed above (Waples, 1985). In this 
method a sample, usually 100 mg of rock, is ground up and placed in a 
pure helium atmosphere. The sample is then pyrolyzed at 300 degrees C 
for 3-4 minutes. The pyrolyzation then proceeds to 550 degrees C at 25 
degrees C/minute. During this time, measurements are made of the gases 
driven off and the results are recorded (Peters, 1986). 
The Sl component of a Rock-Eval test is a measure of the easily 
volatilized hydrocarbons the indigenous "free" petroleum -- in the 
sample. The S2 component is a measure of hydrocarbons generated during 
heating from the kerogen in the sample. The S2 measurement indicates a 
sample's potential to generate petroleum and also indicates its level 
of maturity. The S3 component is a measure of the nonhydrocarbon 
volatiles formed, primarily C02. The S3 component is useful as an 
indirect means of determining the maturity of a sample and can also be 
used to determine kerogen type. 
Table 4. Rock-Eval source rock analyses of samples from 40 
the Hay Creek Anticline; no·rth-central ·Oregon. 
~P.k ~ il ~ 53 S1+S2 fl Tmex Reference 
1 2.51 2068.8 2912.1 1808.7 4978.9 0.4 463 Sidle end Richers 
2 1.56 2164.0 930.5 1091.1 3094.6 0.7 492 S1dle end R1chers 
3 1.25 0.0 0.0 0.0 0.0 0.0 447 Conoco 
4 1.08 0.0 0.0 100.0 0.0 0.0 297 Conoco 
5 0.92 0.0 0.0 0.0 0.0 0.0 232 Conoco 
6 0.86 0.0 0.0 130.0 0.0 0.0 258 Conoco 
7 1.48 0.0 0.0 70.0 0.0 0.0 228 Conoco 
8 0.97 0.0 0.0 240.0 0.0 0.0 269 Conoco 
9 1.35 0.0 0.0 470.0 0.0 0.0 228 Conoco 
10 1.04 0.0 0.0 40.0 0.0 0.0 269 Conoco 
1 1 0.86 30.0 0.0 90.0 30.0 0.0 297 Conoco 
12 1.02 0.0 0.0 0.0 0.0 0.0 253 Conoco 
13 0.67 0.0 0.0 110.0 0.0 0.0 228 Conoco 
14 1.14 0.0 0.0 0.0 0.0 0.0 297 Conoco 
15 0.99 20.0 100.0 20.0 120.0 0.17 297 Conoco 
16 0.80 0.0 0.0 0.0 0.0 0.0 254 Conoco 
17 0.47 0.0 0.0 560.0 0.0 0.0 228 Conoco 
18 0.95 0.0 40.0 0.0 40.0 0.0 297 Conoco 
19 0.53 0.0 0.0 0.0 0.0 0.0 297 Conoco 
20 1.07 60.0 150.0 NA 210.0 0.29 NA Phillips 
21 0.81 0.0 0.0 0.0 0.0 0.0 264 Conoco 
22 1.13 0.0 0.0 0.0 0.0 0.0 231 Conoco 
23 1.33 50.0 120.0 NA 170.0 0.29 NA Phi11ips 
24 0.90 0.0 0.0 0.0 0.0 0.0 444 Conoco 
25 0.85 0.0 0.0 0.0 0.0 0.0 321 Conoco 
26 0.99 40.0 130.0 NA 170.0 0.24 NA PhilliP' 
27 0.88 0.0 10.0 0.0 10.0 0.0 258 Conoco 
28 1.02 0.0 40.0 40.0 40.0 0.0 228 Conoco 
29 1.11 50.0 130.0 NA 180.0 0 .28 NA PhilliP' 
30 1.05 20.0 100.1 40.0 120.0 0.0 266 Conoco 
31 0.19 100.0 40.0 370.0 50.0 0.20 443 Conoco 
32 1.09 50.0 180.0 NA 230.0 0.22 NA Phillips 
33 1.00 50.0 120.0 NA 170.0 0.29 NA Phillil>' 
34 1.35 40.0 120.0 NA 160.0 0.25 NA Philli~ 
35 1.26 40.0 90.0 NA 130.0 0.31 NA Phi11i1>3 
36 1.11 60.0 130.0 NA 190.0 0.32 NA Philli P3 
37 1.24 70.0 180.0 NA 250.0 0.28 NA Phillips 
38 0.23 60.0 190.0 NA 250.0 0.24 NA Phillips 
39 0.28 10.0 20.0 110.0 30.0 0.5 564 Green 
40 0.53 0.0 0.0 180.0 0.0 0.0 378 Green 
41 0.51 0.0 0.0 290.0 0.0 0.0 378 Green 
42 0.6 0.0 0.0 40.0 0.0 0.0 341 Green 
43 0.62 10.0 20.0 450.0 30.0 0 .5 352 Green 
44 0.73 0.0 0.0 370.0 0.0 0.0 334 Green 
45 0.81 110.0 160.0 230.0 270.0 0.42 348 Green 
46 0.67 0.0 0.0 0.0 0.0 0.0 333 Green 
47 0.56 0.0 0.0 0.0 0.0 0.17 333 Green 
48 0.61 0.0 0.0 40.0 0.0 0.0 341 Green 
49 3.18 140.0 9520.0 140.0 9660.0 69 .0 443 Conoco 
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By combining Sl (indigenous hydrocarbons) and S2 (potential 
hydrocarbons), oil and gas potential of a sample can be evaluated. 
Sl + S2 values less than 2,000 parts per million (ppm) indicate a rock 
has essentially no oil potential, although some gas could still be 
produced from it. Values between 2,000 and 6,000 ppm indicate rocks 
with moderate source potential. With values over 6,000 ppm the 
potential for petroleum generation is good (Tissot and Welte, 1978). 
The Sl values of the Hay Creek samples indicate little actual 
hydrocarbons present within the source rocks, excepting sample numbers 
one and two. The S2 values also indicate that the potential to 
generate oil and gas is very low. When combined, Sl and S2 reveal the 
complete petroleum potential of the sample. As expected, excepting 
samples one and two, the numbers are all well below the 2,000 ppm limit 
for oil generation. This does not, however, rule out gas generation 
(Sidle and Richers, 1985). The radical difference between samples one 
and two and the rest of Table 4 is probably due to sampling technique. 
The two Gulf samples were collected at depths greater than 4 meters 
below the surface using a bore-hole auger (Richers, 1986, personal 
communication) while the other samples were collected from one-half 
meter or shallower depths. Samples collected close to the surface are 
subjected to chemical weathering, which can cause the Sl and S2 values 
to be significantly lower than for unweathered samples (Peters, 1986). 
The Sl value for the Clarno coal (sample 49) is reasonable. 
However, the S2 value is abnormally large when compared with the other 
samples. For a sample to achieve such a high potential for petroleum 
generation, there should also be a correspondingly high amount of total 
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organic carbon (TOC) in the sample. As discussed below, 3.18% TOC is 
over double the amount of carbon a source rock needs to qualify as 
excellent. These numbers indicate that the Clarno coal makes an 
exceptionally good source rock. 
The S3 component in Rock-Eval pyrolysis can be used to determine 
kerogen type and source rock maturity by plotting the Oxygen Inde x (S3 
divided by total organic carbon) on one axis of a modified van Krevelen 
diagram (Tissot and Welte, 1978). The other axis of the diagram is the 
Hydrogen Index and it is produced by adding Sl and S2 and dividing by 
total organic carbon. The resulting plot can be used to identify 
maturity of the samples, as well as to give an indication of kero g en 
type if the kerogen are not overly mature. Both kerogen t ype and 
source rock maturity indicated by S3 will be discussed below. 
Quantity: Total organic carbon (TOC) is a quantitative measure o f 
source rock potential e xp ressed in weight percent of the carbonate-free 
rock. Rocks containing less than 0.5 % TOC are considered poor source 
rocks; those containing 0.5 to 1% are fair source rocks, 1 to 1.5% good 
source rocks, and greater than 1.5% are excellent source rocks (Sidle 
and Richers, 1985). The TOCs from the Hay Creek Anticline samples 
indicate that sufficient organic carbon is present for petroleum 
generation. The 48 "Hay Creek Formation" samples range from 0.19 to 
2 .51 /o TO C. Onl y three samples fall within the range of poor source 
rocks. The mean for the 48 samples is 0.94 % TOC. The Clarno Formation 
coal (sample 49) yielded a TOC of 3.18% indicating excellent source 
r ock potential. 
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Type: Kerogen is identified to help answer the "type" question. 
Kerogen is defined as acid insoluble organic matter (Waples, 1985). 
Identifying what kind of kerogen is present in a source rock can 
indicate what type of petroleum product was generated when it was 
heated. The best way to identify kerogen is by visual microscopic 
means. An alternate indirect method of identifying kerogen is to plot 
S3 data on a modified van Krevelen diagram (Figure 19), as mentioned 
above. By using both methods, comparisons can be made between the two 
identifications and the results verified or differences explained. 
Kerogen have been divided into four different types of petroleum 
producers, based on the structure of the kerogen particle. Type I is 
called alginite and is very oil prone. Type II (exinite) is considered 
to be mixed marine in origin and is also oil prone, although less so 
than type I. Type III (vitrinite) is a woody-herbaceous kerogen that 
is gas prone. Type IV (inertinite) kerogen is inert and produces very 
little petroleum, if any (Waples 1985). If a kerogen is amorphous and 
has no structure it is usually placed in the Type I classification. 
The modified van Krevelen diagram of the Hay Creek samples has 
very few data points. Phillips Petroleum does not measure S3 values in 
their Rock-Eval analyses, which excludes these samples from being 
plotted. 
The data plotted on the modified van Krevelen diagram are tenta-
tively interpreted as mature Type II with some supermature Type III 
kerogen. The interpretation is tentative because the kerogen are 




'C "'"""' u c 0 - ~ 

























OHygen I ndeH 




Figure 19. Modified van Krevelen diagram of source rock data 
from "Hay Creek Formation" siltstones . 
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In contrast to the results from the van Krevelen diagram, visual 
analyses of the Hay Creek samples indicate predominantly Type I and 
Type IV kerogen (Table 5). At first glance, the two kerogen determina-
tions seem to be at odds with one another. However, the data are 
actually in agreement. The modified van Krevelen diagram, in addition 
to indicating kerogen type, also expresses maturity of the kerogen, 
that is, the degree to which the kerogen has been heated in its 
geologic past. Most of the kerogen in Figure 19 plot in the lower left 
corner, indicating kerogen that have been substantially heated. As a 
kerogen is heated, its original structure is modified and, as a result, 
kerogen type is increasingly difficult to accurately identify (Figure 
20). Thus, the structure of most of the kerogen from the Hay Creek 
siltstones has been modified to the point that identification, both 
visually and diagrammatically should be treated with a some skepti-
cism. It is probable that the kerogen from the Hay Creek Anticline 
were originally Type II. Most marine source rocks contain a large 
share of Type II kerogen (Waples, 1985). 
The single Clarno Formation coal sample contains predominantly 
Type I kerogen (alginite) and thus is highly oil prone. Other Clarno 
samples analyzed by Fisk (1986) contain similar amounts of amorphous, 
oil-prone kerogen. 
Maturity: The maturity of a source rock can be determined in a 
number of ways. Four maturity indicators were used in this study: max-
imum temperature (Tmax) of hydrocarbon generation during Rock-Eval 
pyrolysis, vitrinite reflectance (Ro), visual determination of kerogen 
Table 5. Visual kerogen analysis of "Hay Creek Formation" 
samples (nos. 4 through 48) and one sample from the 
Clarno Formation (no . 49). 
Sample" M_gj n1te(~)- Exi ni te (~)_ V1tri nite{ ~)_ I nert1te{ %} Source --
4 70 10 20 Conoco 
20 60 40 Phillips 
.. 3 80 20 Phillips 
26 70 30 Phillips 
29 70 30 Phillips 
32 60 40 Phillips 
33 5 95 Phillips 
34 40 60 Phillips 
35 40 10 50 Philli p3 
36 15 10 70 Philh ps 
37 50 50 Phillps 
39-48 50-55 45- 50 Green 
49 80 20 Conoco 
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Figure 20. Kerogen from the "Hay Creek Formation siltstone 
(approximately SOOX magnification). 
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color using the relative thermal alteration index (TAI), and petroleum 
index (P.I.). 
Tmax in degrees Celsius indicates the highest temperature the 
sample has been exposed to during the geologic past. It is measured 
during the peak generation of S2 (Peters, 1986). Temperatures less 
then 435 degrees indicate source rocks are immature and have not been 
heated enough to form petroleum. Temperatures between 435 and 470 
degrees C indicate that the samples are mature for oil generation; 
samples heated to temperatures over 470 degrees C indicate that the 
source rocks are supermature, past oil generation, and are in the gas 
generation phase (Sidle and Richers, 1985). 
The Hay Creek samples have a Tmax range of 228 to 564 degrees 
Celsius. The mean temperature for the 48 samples " Hay Creek Formation" 
was 322 degrees. Based upon Tmax the samples are thermally immature. 
However, an interpretation is only as good as the data upon which it is 
made and, in this case, there is reason to believe that most of the 
Tmax values for these samples are wrong. Because Tmax is measured at 
maximum generation, the S2 value must be above a threshold in order 
for Tmax to be valid. This minimum S2 threshold according to Peters 
(1986) is 200 ppm. All but two of the S2 values are under 200 ppm 
which indicates that most of the Tmax determinations are invalid. The 
two samples with S2 values above 200 ppm -- samples 1 and 2 -- yield 
Tmaxs of 463 and 492 degrees C, indicating highly mature and supermat-
ure source rocks. 
The single sample of coal from the Clarno Formation (sample 49) 
yielded a Tmax of 443 degrees C which places this sample in the "oil 
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window." This result is in agreement with data on other Clarno 
samples determined to be mature for oil generation by Fisk (1986). 
As an independent measure of kerogen thermal maturity, vitrinite 
reflectance (Ro) can be used to evaluate the accuracy of the Tmax 
values. Ro is measured by bouncing a beam of light off the vitrinite 
particles and recording the incident beam that is reflected coherently 
(Waples, 1985) . Kerogen undergoes restructuring during heating 
increasing the reflectance value. Oil generation starts at about 0.6% 
Ro, peaks at about 0.9 % Ro, and ends at approximately 1.35 % Ro; above 
1.35% gas generation occurs (Waples, 1985). Ro values for 12 "Hay 
Creek Formation" samples (Table 6) range from a low of 2.1% to a high 
of 5.5%. The mean is 3.71%. All of the Ro values indicate that the 
Hay Creek samples are supermature for oil generation and are in a stage 
of gas generation. 
Thermal alteration index (TAI) uses color of organic matter to 
determine maturity. The scale used varies from lab to lab, but in 
general the scale ranges from 1 (immature) to 5 (supermature). Organic 
matter with a pale yellow coloration is assigned a l; samples that are 
medium orange-brown are 3; and black samples are generally given a 5 
(after Staplin, 1982). 
Phillips and Green and Associates were the only laboratories to 
determine TAis for the Hay Creek samples (Table 7). All of the samples 
studied by Phillips were assigned TAis of 4+, indicating that the 
samples are supermature even beyond gas generation (Logan, 1986, 
written communication). Green and Associates assigned TAI values 
ranging from 3.5 to 4.5, highly mature to supermature. 
Table 6. Vitrinite relectance measurements of "Hay Creek 
Formation" kerogen. 
SamQ le Number Rang~{ro~ Mean( n) Source 
7 2.1 - 3.7 Conoco 
20 4.05 - 5.19 4.75 Phillips 
"")') 2.1 - 4.8 Conoco ,. ; --
23 3.90 - 5.26 4.72 Phillips 
26 3.95 - 4.70 44-.. j Phillips 
29 4.04 - 5.30 4.79 Phill ips 
~'} 
~L 3.90 - 5.50 4.8 1 Phillips 
<;\ 
... ..,I 3.89 - 5.15 4.59 Ph i llips 
35 3.01 - 4.15 - rg j,Q Phillips 
36 3.17 - 4.20 3.74 Phillips 
37 2.86 - 4.30 \ -7 ..-.0 Phil l ips 
\R ·- _.,, 3.24 - 4.29 3.7 1 Phillips 
so 
Table 7. Thermal alteration index (TAI) values of "Hay Creek 
Formation" kerogen. 
SamP-JJ! TAI Source 
20 4+ Phillips 
23 4+ Phillips 
26 4+ Phillips 
29 4+ Phillips 
32 4+ Phillips 
33 4+ Phillips 
34 4+ Phillips 
35 4+ Phillips 
36 4+ Phillips 
37 4+ Phillips 
39-48 3.5-4.5 Green 
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A fourth maturity indicator sometimes used in the petroleum 
industry is the petroleum index (P.I.) or transformation ratio. It is 
derived by dividing the sum of Sl and S2 by Sl. Samples with a ratio 
less than 0.15 are considered immature; samples with a ratio between 
0.15 and 0.40 lie within the range of oil generation; while samples 
with a ratio above 0.40 are in the stage of gas generation (Waples, 
1985). P.I ratios for rock samples from the "Hay Creek Formation" 
range from 0.0 to 0.7. The mean P.I ratio is 0.31. This ratio is 
probably artificially low because the S2 values are low (as discussed 
above). Peters (1986) has stated the opinion that P.I. and Tmax are 
only "crude measurements of thermal maturity" and should be supported 
by other analyses such as Ro and TAI. 
In summary Ro and TAI interpretations are in excellent agreement, 
indicating that the "Hay Creek Formation" source rocks are supermature 
for oil generation and have reached gas generation maturities. Most 
Tmax and P.I. values indicating immature to mature source rocks, are 
invalid for reasons indicated above. 
Conclusions: TOC values indicate that the organic carbon content 
of the Hay Creek rocks is adequate for petroleum generation. Maturity 
values indicate that petroleum generation has occurred. The type of 
petroleum to come out of these source rocks is most likely oil from 
Type II kerogen. Although Type III (gas-prone) kerogen are indicated 
by the modified van Krevelen diagram, kerogen structure has probably 
been sufficiently altered to make identification by this means unreli-
able. Since the TOCs are high even after thermal maturation through 
petroleum producing temperatures, the "Hay Creek Formation" source 
53 
rocks must have been exceptionally high in organic carbon before being 
heated. Consequentl ~·.1 , it is probable that the Hay Creek samples have 
in the past produced considerable quantities of petroleum. 
Reservoir Rock Analysis 
A reservoir rock is by definition any rock-type that can have 
petroleum recovered from it (Berg, 1986). While the important proper-
ties that a reservoir rock needs are porosity and permeability, 
secondary features created by diagenesis and fracturing can enhance 
these reservoir qualities. 
Porosity of a rock is "the percent of void space, or nonmineral 
space, that occurs within or between the grains, matrix, and cement 
" (Berg, 1986). The porosity of a detrital rock is controlled 
by grain shape, size, packing, sorting, and cements contained in the 
rock (Berg , 1986). If the sand grains are perfectly spherical, the 
same size, with no cement and set perfectly against one another so that 
they form a cube, the maximum porosity will be 47.6%. As the grains 
become less round and less well sorted, as cement starts taking up 
space, and as grains are crushed together, porosity can be reduced to 
zero. Good reservoir rocks have porosities ranging from 20 to 30%; 
fair porosity is from 10 to 20%; and poor porosity ranges from 5 to 10% 
(North , 1985) . 
Diagenesis plays a very key role in the loss of porosity. Burial 
of the reservoir rock causes compaction and results in a reduction of 
pore space. Feldspars, micas, and lithic grains can all be altered and 
squeezed into adjoining pore spaces, reducing the porosity. However, 
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diagenesis can also increase porosity through dissolution of cements 
and grains (Berg, 1986; Shelly, 1985). Fracture porosity, as mentioned 
above, can increase porosity by creating voids to hold petroleum. 
Permeability is a measure of the capacity of a rock to transmit 
fluids (Berg, 1986). As this capacity is closely related to porosity, 
the factors that affect porosity also affect permeability. One darcy, 
the unit of measure of permeability, is defined as the ability of 
" . 1 cc of fluid, with a viscosity of 1 centipoise (viscosity of 
water at 68 degrees F), to flow through 1 square centimeter of its 
surface for a distance of one cm in 1 second with a pressure drop of 
14. 7 pounds per square inch" (Link, 1982). Because most reservoir 
rocks yield small darcy numbers, porosity is usually expressed in 
millidarcies (rod). 
The "Hay Creek Formation" sandstone sample submitted for reservoir 
analysis was found to have 2.7% porosity (Figure 21). This is extreme-
ly low for a reservoir rock. A measurement of 3.0 millidarcies was 
reported for permeability, again indicating poor reservoir potential. 
Although there is gas production from sandstones as tight as 0.1 
millidarcies, they require very expensive stimulation to be economical 
(North, 1985). 
The porosity and permeability measurements reported by Reservoir, 
Inc . do not agree with the visual analysis made of this and other 
samples from the Hay Creek Anticline. Estimates of porosity were less 
than 1% from my thin-section analysis of these sandstones. Trace 
amounts of intergranular and intragranular porosity are probably due to 
framework grain dissolution resulting from ground water circulating 
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Figure 21. Thin section of "Hay Creek Formation" sandstone 
examined fo porosity and permeability [photo by 
Reservoirs, Inc.]. 
56 
through the sandstone. However, the dissolution is so slight that it 
does not fully explain the higher porosity recorded. Enough clay was 
present in the sample that microporosity, the pores between individual 
clay crystals, may account for the difference between the visually 
observed and the experimentally measured porosity. Another possibility 
is that of secondary porosity, namely fracturing of the sandstone. 
Even though permeability is low, there is known production of 
petroleum from reservoir rocks with permeability as low as 0.06 
millidarcies (Richards, 1986). This information, combined with the 
excellent probability of secondary fracture porosity in the "Hay Creek 
Formation" sandstones, indicates that production from reservoir rocks 
in the Hay Creek Anticline is possible. 
Previous Wells 
In recent years, four "wildcat" exploration wells have been 
drilled in the general vicinity of the Hay Creek Anticline (Figure 
22). In 1950, the I. W. Love Drilling Company "Wickham 1-27" was 
drilled in section 27, T. 11 S., R. 15 E., on the west limb of the Hay 
Creek Anticline. It was drilled to a total depth of 823 meters before 
being plugged and abandoned. According to the drillers log, "pre-
Tertiary" shale was hit at 665 meters and continued to the total depth, 
a section of 158 meters. No hydrocarbons were reported (Olmstead and 
Newton, 1980) . 
In 1967 the Northwest Oils "Morrow No. l" was drilled in section 
18, T. 12 S., R. 15 E. to a total depth of 1024 meters. Nonvolcani-
clastic sedimentary rocks were encountered at 753 meters and continued 
~ 16 E 
I 
j~ I 
S1dmbo 1 s 
=Dry Hole 
- Gas show 
- Ga~. end 
iJ11 show 
Figure 22 . Exploration wells drilled in the vicinity of the Hay 








to total depth. Oil and gas shows were reported sporadically through 
the entire sedimentary rock sequence. A significant show of oil and 
gas was reported in the interval 768-771 meters in a bituminous coal 
seam. The other shows came from sandstones which were all thin and 
tight. Although no tests were run, the well was abandoned because it 
was felt that commercial quantities of oil or gas were not indicated 
by the shows (Olmstead and Newton, 1980). 
In 1977 Agoil of Oregon drilled the "Grizzly No. l" in section 33, 
T. 12 S., R. 15 E. Gas and oil were detected several times during 
drilling. The well was finally suspended at 1067 meters to run 
electric logs and drill-stem testing. Because the well never drilled 
out of the John Day Formation it was started in, the electric logs and 
drill-stem test were done in volcaniclastic material. In the past, 
very few electric logs were run on volcanic rocks, so the reaction of 
the volcaniclastic material to the tests were very hard to interpret. 
The dubious nature of the electric logs and the poor results from the 
drill-stem testing resulted in the well being plugged and abandoned. 
The "Hay Creek Ranch No. 2" was drilled in section 6, T. 11 S., R. 
15 E. by John Rex in 1978. Agoil took over operation of the well after 
it was started. It was drilled to a total depth of 629 meters before 
it had to be abandoned due to a driller's error that damaged the rig. 
A minor show of gas was reported, but the drilling rig could not be 
repaired in time to do down hole testing. Logs from this well show 
that the volcanic cover had not been penetrated when drilling was 
stopped (Olmstead and Newton, 1980). 
59 
In summary, all previous wells drilled in the vicinity of the Hay 
Creek Anticline were shallow endeavors. The deepest that any of the 
wells got was the "Grizzly No. l" at 1067 meters, and it never pene-
trated the volcanics. The other wells were shallower, and none of them 
reached basement. Petroleum was detected in three of the four wells. 
Some of the petroleum was encountered in volcanic rock but none of the 
wells were believed to have had commercial quantities of oil and/or 
gas. 
Summary 
The carbonaceous shales and siltstones of the "Hay Creek Forma-
tion" exposed at the core of the Hay Creek Anticline are good to excel-
lent petroleum source rocks which are now supermature for petroleum 
generation. While the reservoir potential of the sandstones at the 
surface is poor, it is possible that fractures and diagenesis have 
created sufficient porosity and permeability to make sandstones at 
depth good reservoir rocks. There is also evidence that volcanic and 
volcaniclastic rocks overlying the "Hay Creek Formation" could serve as 
good reservoir rocks. An anticlinal trap is present to hold the petro-
leum that could have been generated. 
All the evidence presented indicates that the Hay Creek Anticline 
could potentially produce petroleum. A deep stratigraphic test well 
drilled in the Hay Creek Anticline could provide much needed inf orma-
tion on the petroleum potential of the southwest portion of the 
Columbia Basin. 
CONCLUSIONS 
The Hay Creek Anticline is an asymmetrical anticline (Appendix 1) 
doubly-plunging toward the northeast and southwest. The oldest rocks 
exposed at the eroded axis are here informally named the "Hay Creek 
Formation" . The dominant lithology of the "Hay Creek Formation" is 
black to dark grey siltstones that contain thin interbeds of argilla-
ceous sandstones. 
The age of the " Hay Creek Formation" is early to middle Eocene 
based on calcareous nannofossils identified from a limestone bed. This 
age would make the "Hay Creek Formation" correlative with the "Herren 
Formation" (Fisk, 1986) and possibly with the "Muddy Ranch phyllite" 
(Taylor, 1960). The depositional environment is interpreted as shallow 
water, submarine fan. Flute-casts in some sandstone units, the massive 
siltstones and the coccoliths found in the limestone all support the 
interpretation of the marine environment. 
The Hay Creek Anticline exhibits all the classic characteristics 
of an area that has good petroleum potential. There is a sequence of 
organic-rich source rocks, along with evidence of sufficient heating to 
generate petroleum. There are potential reservoir rocks and an anti-
cline to trap the petroleum. Previous wells drilled in the area have 
encountered petroleum, though for various reasons the wells were never 
completed for production. The drilling of a deep well would improve 
our present understanding of the petroleum potential of the Columbia 
Basin as well as provide more information about subsurface geology of 
the Hay Creek Anticline. 
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